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(54) Bonded composites 

(67) A method of making a novel 
banded composite of 

(i) a thermoplastic elastomeric blend 
ofvuleanized EPDM particles not more 
than 50 microns in size disposed in a 
thermoplastic linear crystalline 
polyolefin continuous phase, with 

(ii) a vulcanized EPDM or EPM rubber 
composition containing less than 50% 
(preferably 5% to less than 40% (by 
volume of rubber, 

com prises fusing the thermoplastic 
elastomeric blend and solidifying it in 
contact with the vulcanized rubber 
composition in the absence of an 
adhesive interlayer. Preferably the blend 
is extruded onto the vulcanized rubber 
composition. Preferably the linear 
crystalline polyolefin in the 
thermoplastic blend has a melt flow 
index of at least 0.25 when measured 
according to the test conditions ASTM D 
1238-65T and is selected from 
polypropylene, propylene copolymers, 
high density polyethylene and high 
density ethylene copolymers. 
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(54) Bonded composites 

(57) A method of making a novel 
bonded composite of 

(i) a thermoplastic elastomeric blend 
of vulcanized EPDM particles not more 
than 50 microns in size disposed in a 
thermoplastic linear crystalline 
polyolefin continuous phase, with 

a vulcanized EPDM orEPM rubber 
composition containing lessfhan 50% 
(preferably 5% to less than 40%) by 
volume of rubber, 
comprises fusing the thermoplastic 
elastomeric blend and solidifying It in 
contactwith the vulcanized rubber 
composition in the absence of an 
adhesive interlayer. Preferably the blend 
is extruded onto the vulcanized rubber 
composition. Preferably the ifnear 
crystalline polyolefin in the 
thermoplastic blend hasa meltfiow 
index of at least 0.25 when measured 
according to the test conditions ASTM D 
1 238-65Tand is selected from 
polypropylene, propylene copolymers, 
high density polyethylene and high 
density ethylene copolymers. 



<GB 21 2BB99A_J_> 



2128099 

i|2 




^JSDOCID: <GB 212BB99A_J_> 



2128839 




1 



GB 2 128899 A 1 



SPECIFICATION 

Bonded composites 

5 This invention relatesto a method of producing a . 
bonded compositeof a thermoplastic elastomeric 
blend with a vulcanized EPDM or EPA/I ru bber 
composition and to the composite produced thereby, 
Thermoplastic elastomeric blends of themoplastic 

1 o Ifaearcrystalline potyolefin and vulcanized EPDM 
(efhvlene/propylene/diene monomer terpolymer) 
rub&erare known e.g. see those described in U.K. 
Patent No. 2,007,6836. In such blends the polyolefin 
resin isthe continuous phase with the EPDM as 

1 5 dispersed particles of a size 50 microns or less, 
usually 1 to 10 microns* Because the polyolefin is the 
continuous phase the resulting composition would 
be expected to behave in a similar way to a 
composition consisting essentially of the polyolefin 

20 alone. However, we have found this notto be the case 
when trying to bond such a composition to a 
vulcanized EPDM or EPM (ethylene/propylene copo- 
lymer) rubber without the aid of an adhesive inter- 
layer. Onfy by selecting a particular class of EPDM or 

25 EPM rubber com positions, ue. those compositions 
containing unexpectedly low levels of EPDM or EPM r 
can satisfactory adhesion be achieved. 

According to one aspect of the present invention a 
method of making a bonded composite of 0} a 

30 thermoplasticelastomeric blend of vulcanized EPDM 
particles notmorethan 50 microns in size dispersed 
in a thermoplastic linear crystal line potyolefin con- 
tinuous phase, 

with (i f> a vulcanized EPDM or EPM rubber com posi- 
35 Hon containing less than 50% by volume of rubber, 
comprises fusing tile thermoplastic elastomeric 
blend and solidyifying it in contact with the vulca- 
nized rubber composition in the absence of an 
adhesive interlayer. 
40 According to a further aspect of the present 

invention a bonded thermoplastic elastomeric blend/ 
vulcan ized EPDM or EPM rubber composite com- 
prises: 

{i} a thermoplastic elastomer which has vulcanized 
45 EPDM particles not more than 50 microns in size 
dispersed ma thermoplastic linear crystalline 
polyolefin* continuous phase, bonded without an 
adhesivelnterlayerto 
{H) a vulcanized EPDM to EPM rubber containing 
50 Iesstti3ife50% by volume of rubber. 

By "titiermoptasticelastomeric" ismeanta macro- 
molectrtar material which (i) at room temperature is 
capa bteof recovering substantially in shape and size 
after removal of a deforming force and (ii) is capable 
55 of being repeatedly softened by increase of tempera- 
tueeand hardened by decrease of temperature i.e. the 
change upon heating is substantially physical. 

Thethermopiastic elastomeric biend remains ther- 
neoplastic after bonding and no detectable vulcaniza- 
§0 tion takes place during bonding. The linear crystalline 
polyolefin in the blend is preferably selected from 
homoporymers and copolymers of propylene and 
high density homopolymers and copolymers of 
ethylene. Linear high density ethylene polymers and 
65 linear low density ethylene poiy mers can be made by 



low pressure solution polymerization; branched low 
density ethylene polymers are high pressure solution 
polymerized and are excluded from the present 
invention. Preferably thepolyolefin has a melt flow 

70 index of at least 0.25 when measured according to the 
test conditions specified in ASTM D 1 238-65T. 

The EPDM or EPM rubber is usually in non- 
particu late form and must be in the vulcanized state 
(i.e. cross-1inked r non-thermoplastic) prior to contact 

75 withthethermoplasticbiend.TheEPDMand/orEPM 
rubber may be in combination with at least one other 
rubber, preferably such that the total volume of EPDM 
and/or EPM rubber is more than 50% of the total 
rubber present 

30 Examples of methods of bringing the components 
into contact are by injection, transfer, rotational or 
compression moulding or extrusion of the thermo- 
plastic elastomeric blend into contact with the 
vulcanized EPDM or EPM. Preferably thethemoplas- 

85 tic blend is extruded onto the vulcanized EPDM or 
EPM ru bber as extrusion usually achieves a greater 
degree of "wetting"of the rubber by the themoplas- 
tic. A person of ordinary skill in the art would be able 
by simple trial and error to adjust the conditions of 

90 contact of the two materials in order to achieve 
satisfactory bonding levels. Where the process in- 
volves vulcanizing the EPDM/EPM composition im- 
mediately priorto contact with thethermopiastic 
blend, there Is no need to cool the rubber, and indeed 

95 ttmay be advantageous notto do so. If desired an 
EPDM/EPM composition which has been vulcanized 
and cooled beforehand can be preheated to promote 
bonding with a thermoplastic blend. 
Preferred compositions of the thermoplastic blend 

1 00 comprise (a) 15 to 45, more preferably 15 to 40, % by 
volume polyolefin, (W 15to 50, more preferably 20 to 
45, % by volume EPDM, (c) 15to 50, more preferably 
15to 45, % by volume oil, and (d) a 1 5% maximum, 
more preferably 10% maximum, by volume of other 

105 ingrediertts(s). 

Preferablythetotaf rubber content of the vulca- 
nized EPDM or EPM rubber composition is less than 
40% and at feast 5% by volume, more preferably from 
5to 35% by volume. Atotat rubber content of from 5 

110 to35% by volume is particularly applicable where the 
thermoplastic blend to be bonded to it has a Shore D 
hardness of lessthan 82.5 or contains less than 35% 
by volume of linear crystalline polyolefin. The re- 
mainder of the composition includes ingredients 

115 selected from filler (e.g. carbon black), liquid extender 
(e.g. petroleum based oil or simi lar) , vu I ca nizi ng 
agent, vulcanization accelerator and anti-oxidant 
Where thethermopiastic blend contains less than 
35% by volume polyolefin and more than 34% by 

120 volume otl,therubbercontentof the rubbercomposi- 
tion should be less than 40% by volume in orderfor 
satisfactory adhesion to be attained. 

The process of the present invention could be used 
where co extrusion is not practical. For example when 

125 making door or window sealing strips an EPDM/EPM 
rubber composition could be vulcanized in the 
required profile and then a thermoplastic blend 
extruded onto it 
The invention is illustrated by the following Exam- 

130 pies. Although extrusion is particularly applicable to 
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the invention it is not idealforassessing adhesion 
levels accurately. Therefore an injection moulding 
technique was used. 

Example I 

5 Sheets 228.6 x 76.2 x 2 mm of EPDM rubber 
compositions containing proportions of EPDM from 
30to65% byvolume as shown in Table I were 
vulcanized against a biaxialiy oriented polyethylene 
terephthalate (available under the Registered Trade 
10 Mark MELINEX) film to give a consistent, clean 
bonding surface. 

Thermoplastic blends of various composition 
available underthe trade name "Santoprene" from 
Monsanto were injected onto the EPDM rubber 
15 surface in a mould measuring 102 x 76.2 x 6 mm with 
afuEJ~width fangate known to give even adhesion 
throughout the test sample. For comparison a 
polypropylene available as CarEona KM61 having a 
meltflow index of 3 was applied in the same manner. 
20 Part ofthe rubbersheet at the opposite end to the 
injection gate was sprayed with polytetraf- 
luoroethylene (available underthe registered Trade 
Mark TEFLON) to prevent adhesion. This injection 
moulding was carried out with a 45 ton lock Edgwick 
25 machine using thefodowing moulding conditions: 
Barrel temperature — 275/260/250°C 
Mould temperature — 70°C 
Cycle time— 40 seconds 
Peel adhesion values ofthe resulting composites 
30 were measured at an Instron crosshead speed of 1 25 
mm/minute and the results plotted on a graph (see 
Figure 1). 

Axis X denotes peel adhesion in N/cm and axis Y 
denotes rubber content of the EPDM as a percentage 

35 volume. Curve 1 refers to results obtained using 
Santoprene73A. Curve 2 refers to results obtained 
using Santoprene 80A. Curve 3 refers to results 
obtained using Santoprene 87 A. Curve 4 refers to 
results obtained using Santoprene 50D. Curve (5) 

40 (control) refersto results obtained using polypropy- 
lene — CartonaKM61. 

The "Santoprene" formulations are believed to be 
dynamically cured polypropylene/EPDM/oil/filler 
thermoplastic elastomers. The polypropylene con- 

45 tent is believed to be 87A > BOD > 80A > 73A and the 



EPDM content is believed to be 87A > 80A > 73 > 
50D. 

Adhesion values are dependent upon the type of 
failure which can vary considerably as follows: 
50 ® « Adhesionfariure. Clean failure with no appa- 
rent change in the apprearance ofthe rubber 
surface. 

© = Thin layerplastictearing. Failure occursin the 
plastic layerwhfch leaves as layer of plastic 
55 approximate^ Tmmthickattachedtothe 

rubber. 

© = Thin layer rubbertearing. Failure occures in 
the rubber layerwhrch leaves a thin layer of 
rubberapproxrmately 0.5mm thick attached 
60 to the plastic. 

# = Rubbertearing. Failure occurs by massive 
rubbertearing, the value obtained being 
obviously dependent on the rubber tear 
strength and sample thickness. 
65 TABLE I 

EDPM FORMULATIONS (Parts by Weight) 

A B C D E F 
tntolan255(EPDM)100.0 100.0 100.0 100.0 100.0 100.0 
N550 carbon black 56.0 77.0 106.0 127.0 153.0 187,0 
70 Circosol4240 

(naphthenicoif} 26.0 47.0 76.0 97.0123.0157.0 



StearicAcid 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Zinc Oxide 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Sulphur 


2.0 


2.0 


2.0 


2.0 


2,0 


2.0 


ZnBuD (zinc 














dibutyl dithio- 














carbamate) 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


MBTSfmercapto- 














benz-thiazote 














disufphide) 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


TMTMSftetra- 














methyl thiuram 














monosuiphide) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Cure: — 60 minutes at 15CPC 








B.S.D. Hardness 


71.0 


73.0 


68.5 


70.5 


70.5 


71.0 


RubberVoIume % 


65 


55 


45 


40 


35 


30 



Example It 

Experiments have shown that an extrusion techni- 
que tends to give a better bond than an injection 
00 mou Iding technique : 

Injection Extrusion 

Moulding Adhesion 

Adhesion N/cm 
N/cm 



Thermoplastic EPDM content 
blend ofvulcanized 
rubber 
composition 
% volume 



Santoprene 73A 


33 


22(E) PF 


5Q8T 


Santoprene 73A 


35 


19AF 


39AF 


Santoprene73A 


43 


4(E)AF 


WAF 


SantopreneSOD 


35 


60RT 


56BT 


Santoprene SOD 


43 


52(E)RT 


68RT 



E = estimated from Figure 1 
PF= plastic failure 
Af** adhesion failure 
RT= rubbertearing 

Example III 
Sheets 228.6 x 76.2 x 2 mm of EPDM rubber 
compositions containing proportions of EPDM from 
30 to 65% byvolume as shown in Table 1 were 



95 vulcanised against Melinex (a biaxialiy orientated 
poIyethyleneterephthalate)filmtogiveaconsistent 
clean bonding surface. 
A dynamically cured thermoplastic elastomeric 



3DCCID:<GB. 



2T28899A _ ,[_> 



i- 



GB 2 128 899 A 



bJend of high density polyethylene <HDPE} and 
vulcanized EPDM was prepared by mixing the 
following ingredients in a 34 mm twin screw extruder 
at atemperature of 200°Cand screw speed of 233 
5 rpm: — 

Epcar 585 (EPDM) 100.0 parts by weight 

Rigidex 006/60 (HOPE) 1 30.0 parts by weight 

Sunpar2280 (paraffmicoil} 145.0 parts by weight 
Schenectady SP 1055 

10 (Brominated phenolic resin) 12.0 parts byweight 
Zinc Oxide 5,0 parts by weight 

Titanium Dioxide 5.0 parts byweight 

Stearic Acid 1,0 parts byweight 

Mistron VapourTalc 1.0 parts byweight 

1 5 The thermoplastic blend was injected onto the 
EPDM rubbersurface ina mould measuring 102 x 
76.2 x 6mm with a full width fanate known to give 
even adhesion throughout the test sample. For 
comparison the HOPE Rigidex 006/60 having a melt 

20 flow index of 0.6 was applied in the same manner. 
Part of the rubber sheet at theopposite end to the 
injection gatewassprayed with Teflon (polytetraf- 
luoroethylene) to prevent adhesion. The injection 
moulding was carried out with a 45 ton lockEdwick 

25 machine using the following moulding conditions: 
Barrel temperature — 275/260/250°C 
Mould temperature — 70°C 
Cycle time — 40 seconds 
Peel adhesion values of the resulting composites 

30 were measured at an Instron crosshead speed of 125 
mm/minute andthe results plotted on a graph (see 
Rgure 2). Axis X denotes peel adhesion in N/cm and 
axis Ydenotes rubber content of theEPDM asa 
percentage volume. Curve t refers to results obtained 

35 using the HDPE/EPDM blend and curve 2 (control) 
refers to results obtained using the HPDE, The 
symbols usedfor the graph points have thesame 
meaning as described in Example I. 
CLAIMS 

40 1 . A method of making a bonded composite of (i) 
a thermoplastic elastomeric blend of vulcanized 
EPDM particles notmorethan 50 microns in size 
dispersed™ athermoplastic linear crystalline 
polyoiefin continuous phase, 

45 with (it) a vulcanised EPDM or EPM rubber composi- 
tion containing Iessthan50% by volume of rubber, 
comprises fusing thethemoplastfc elastomeric blend 
and solidifying it in contactwith the vulcanized 
rubber composition in the absence of an adhesive 

50 mterfayer* 

2. A method according to Claim 1 wherein the 
thermoplastic linear cystaliine polyoiefin is selected 
from homopolymers of propylene, copolymers of 
propylene, hrg h density homopolymers of ethylene 

§5 and high density copolymers of ethylene. 

3. A method according to Claim 1 or 2 wherein the 
thermoplastic linear crystalline polyoiefin hasa melt 
flow index of at least 0.25 when measured according 
to the test conditions specified in ASTM D 1 238-65T. 

60 4. A method according to any preceding claim 
wherein the rubber content of the vulcanized rubber 
composition is less than 40% by volume. 

5. A method according to any preceding claim 
wherein the rubber content of the vulcanized rubber 

65 composition isat least 5% by volume. 



6. A method according to any one of CI aims 1 to 4 
whereintherubbercontent of the vulcanized rubber 
composition isfrom 5to 35% by volume. 

7. A method according to any preceding claim 
70 whereinthe EPDM and/or EPM rubberinthe vulca- 
nized rubber composition is in combination with at 
least one other rubber so thatthe total volume of 
EPDM and EPM is more than 50% of the total rubber 
content. 

75 . 8. A method according to any preceding claim 
wherein the thermoplastic elastomeric blend is ex- 
truded into contactwith the vulcanized rubber 
composition, 

9. A method according to any preceding claim 
80 whereinthevulcanizedEPDMorEPM rubbercom- 

positions in non-pamcufateforrn. 

10. A method according to any preceding claim 
whereinthe linear crystalline polyoiefin in the ther- 
moplastic elastomeric blend is a low pressure solu- 

35 tion polymerized olefin. 

11. A method according to Claim 1 substantially 
as herein described. 

12. A method according to Claim 1 substantial ly 
as described in any oneof the Examples. 

30 13. A bonded composite made by the method 
according to any preceding claim. 

14. A bonded thermoplastic elastomeric blend/ 
vulcanized EPDM or EPM rubber composite com- 
prises: 

95 fi) athermoplastieelastomerwhich has vulcanized 
EPDM particles not more than 50 microns in size 
dispersed in a thermoplastic linear crystalline 
polyoiefin continuous phase, 
bonded without an adhesive inter! aver to 

100 (M) a vulcanized EPDM or EPM rubber containing 
less than 50% by volume of rubber. 

1 5. A bonded composite according to Claim 14 
having thefeature defined in any one of Claims 2, 3, 4, 
5, 6, 7, 9 or 10. 
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